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(54) CDMA RECEPTION DEVICE EQUIPPED WITH 
DECISION FEEDBACK TYPE SEARCHER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To enable a CDMA 
reception device, equipped with a decision feedback type 
searcher for detecting the synchronism timing (path 
timing) to a spread code series In a receive signal to 
precisely detect the path timing even with a signal 
having a low S/N ratio. 

SOLUTION: This system is equipped with the searcher 15 
to which a prescribed pilot signal transmitted from a 
transmission side and an information data signal passed 
through a delay buffer 1 3 are inputted through a 
selection part 14. Decision data detected by a detection 
part 12 are inputted to the searcher 15. which detects 
the path timing by using the decision data and 
infomnatton data signal together with the pilot signal 
and outputs the path timing to a reverse spread code 
generation part 16. which generates a reverse spread 
code in the path timing. Further, the system is equipped 
with constitution for correcting errors of the decision 
data and making a ORG check and detecting and 
outputting the path timing corresponding to the 



reliability of the decision data. 
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(54) [Title of the Invention] CDMA Receiver Device Provided 
with Judgment Feedback Type Searcher 
(57) [Abstract] 

[Problems] To precisely detect a pass timing even of a 

signal with its low S/W ratio with respect to a CDMA receiver 
provided with a judgment feedback type searcher for detecting 
a synchronization timing (pass timing) with a spread code series 
in a reception signal o 

[Means for Solving the Problems] A predetermined pilot 

signal transmitted from a transmission side and an infoirmation 
data signal via a delay buffer 13 each provided a searcher 15 
inputted via a selection section 14 o Judgment data wave 
detected by a wave detection section 12 is inputted to the 
searcher 15^ and the searcher 15 detects a pass timing by 
employing the pilot signal and the judgment data and information 
data signal o Then, the pass timing is outputted to a back spread 
code generation section 16, and the back spread code generation 
section 16 generates a back spread code at the pass timing o 
Further, a construction is provided such that error correction 
or CRC check is made for the judgment data, and the pass timing 
is detected and outputted according to the reliability of the 
j udgment data « 

[Claims ] 

[Claim 1] A CDMA receiver provided with a judgment 
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feedback type searcher for receiving a predetermined pilot 
signal transmitted from a transmission side, and detecting a 
synchronization timing with a spread code series in a reception 
signal based on the pilot signal, said CDMA receiver comprising i 

means for receiving and back spreading an information 
data signal transmitted from a transmission side, and then, 
feeding to the searcher judgment data obtained by detecting a 
wave followed by the back spreading; and 

means for inputting to the searcher the received 
information data signal via a delay buffer, characterized by 
comprising s 

a searcher for voltage adding correlation outputs for 
each symbol in a predetermined interval for the information data 
signal, and employing a voltage addition value thereof to detect 
and output a synchronization timing with a spread code series 
in a reception signal « 

[Claim 2] A CDMA receiver provided with a judgment 

feedback type searcher according to claim 1 , characterized in 
that the CDMA receiver receives a pilot signal transmitted to 
be time divided and multiplied into an information data signal, 
and a predetermined interval length of the information data 
signal is defined as a length free of an effect of a phase 
rotation caused by phasing, the searcher detecting and 
outputting the synchronization timing based on a correlation 
value obtained by power adding the voltage addition values of 
the correlation outputs of the pilot signal and information data 
signal , 
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[Claim 3] A CDMA receiver provided with a judgment 

feedback type searcher according to claim 1 , characterized in 
that the CDMA receiver receives a pilot signal transmitted 
simultaneously in parallel to a channel other than that to which 
an information data signal is transmitted, and a predetermined 
interval length of the information data signal is defied as a 
length free of an effect of a phase rotation caused by phasing, 
the searcher detecting and outputting the synchronization 
timing based on a correlation value obtained by power adding 
a voltage addition value of the correlation outputs of the pilot 
signal and information data signal of the same timing, the 
correlation value being power added over a plurality of time 
intervals o 

[Claim 4] A CDMA receiver provided with a judgment 

feedback type searcher according to any one of claims 1 to 3 , 
said receiver comprising! 

error correction means for carrying out error 
correction based on an error correction code relevant to the 
judgment data; 

CRC check means for CRC checking the error corrected 
data; and 

error rate estimation means for estimating an error rate 
for each error correction coded unit frame of the judgment data, 
characterized in that the error rate estimation value of each 
error correction coded unit frame of the judgment data or the 
CRC check/ judgment result if the error corrected data is fed 
back to the searcher, and the searcher is provided with means 
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for outputting the synchronization timing according to the 
reliability of the judgment data based on the error rate 
estimation value and the CRC check/ judgment result o 
[Claim 5] A CDMA receiver provided with a judgment 

feedback type searcher according to claim 4, characterized in 
that^ in the case where the CRC check judgment result includes 
an error or in the case where the error rate estimation value 
is equal to or greater than a predeteinnined value ^ the searcher 
is provided with means for inhibiting an output of the 
synchronization timing detected by the error correction coded 
unit frame, and when a synchronization timing is not outputted 
from the searcher / the CDMA receiver carries out a back spreading 
process based on the previously outputted synchronization 
timing. 

[Claim 6] A CDMA receiver provided with a judgment 

feedback type searcher according to claim 4, charactierized in 
that the searcher is provided with means for carrying out 
weighting for a correlation value of each of the error correction 
coded unit frames according to the error rate estimation value 
of each of the error correction coded unit frames » 
[Claim 7] A CDMA receiver provided with a judgment 

feedback type searcher according to claim 6, characterized in 
that the searcher computes a weight coefficient based on an error 
count indicated by the error rate estimation value of each of 
the error correction coded unit frames, and multiplies the 
weight coefficient for the correlation value of each of the error 
correction coded unit frames « 
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[Claim 8] A CDMA receiver provided with a judgment 

feedback type searcher according to any one of claims 4 to 7 / 
characterized in that, when all errors of each error correction 
coded unit frame in number are equal to or greater than a 
predetermined value, the searcher is provided with means for 
referring to an estimation movement velocity of a moving 
mechanism, and then, outputting the synchronization timing 
according to the estimation movement velocity o 
[Claim 9] A CDMA receiver provided with a judgment 

feedback type searcher according to claim 8, characterized in 
that , in the case where the estimation movement velocity is equal 
to or greater than a predetermined velocity, there is provided 
means for inhibiting an output of the synchronization timing o 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] 

The present invention relates to a CDMA receiver 
provided with a judgment feedback type searcher for detecting 
a synchronization timing (pass timing) with a spread code series 
in a reception signal. In particular, the present invention 
relates to a CDMA receiver that precisely detects a pass timing 
even of a signal with its low S/N ratio o 

[ 0002 ] In the case where a direct spread code division multiple 
connection (DS-CDMA) system is applied to mobile communication, 
a searcher function for detecting a reception timing of a 
reception signal, and then, outputting a synchronization timing 
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of a back spread code for back spreading a reception signal is 
essential in a CDMA receiving device o 

[0003] In the DS-CDMA system, in order to obtain much more 
channel capacity, the transmission power of each channel is 
reduced to the possible minimum by employing RAKE reception or 
error correction technique « Thus, in the searcher of the CDMA 
receiver as well, stable operation under a low signal to noise 
ratio (S/W) is required o 
[0004] 

[Prior Art] Fig- 11 is an illustrative view of pass timing 

detection caused by a conventional pilot signal o In a 
conventional technique of pass timing detection caused by a 
pilot signal, a pilot signal of a predetermined data pattern 
is transmitted from a transmission side together with a 
transmission information data signal i the searcher in the CDMA 
receiver measures a correlation between the received pilot 
signal and the predetermined data pattern by employing a sliding 
correlation device or matched filter, estimates a phase of a 
reception signal based on such correlation value, and detects 
a pass timing* 

[0005] There are two methods of inserting a pilot signal, that 
is, a pilot signal interpolation form of multiplying the pilot 
signal and transmission information data signal in a time 
division manner, and then, transmitting the pilot signal to be 
interpolated between the transmission information data signals, 
as shown in Figo 11 (a); and a pilot signal extrapolation form 
of transmitting the pilot signal and transmission information 
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data signal in parallel by employing an I channel and a Q channel 
orthogonal to each other, for example, as shown in Figo 11 (b) o 
[0006] However, a pilot signal is affected by noise on a 
propagation path as wello In order to reduce an effect of such 
noise, in the case of the pilot signal interpolation form, as 
shown in Figo 11 (a), and, in the case of the pilot signal 
extrapolation form, as shown in Figo 11 (b), the correlation 
output of each symbol in the interval is voltage added by a 
predetermined pilot signal interval* In addition, in order to 
eliminate an effect of level change caused by phasing or the 
like, the voltage addition value of each of some pilot signals 
is power added to reduce dispersion, thereby improving an S/W 
ratio of a reception signal in pass timing detection, and 
improving precision of the pass timing detection under a lower 
S/N ratio o 
[0007] 

[Problems to Be Solved by the Invention] In recent 

years, with advancement of error correction technique (Viterbi 
decoding, turbo decoding or the like) , a spectrum density ratio 
(Eb/No) of signal bit energy to noise power meeting a required 
allowable error rate is significantly lowered, thus, making it 
necessary to detect a pass timing under a very low signal to 
noise ratio (S/N)o 

[0008] In order to detect a pass timing under a low signal to 
noise ration (S/W), many more pilot signals are employed, 
thereby making it necessary to reduce an effect caused by noise 
by carrying out voltage addition of the correlation output of 
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such each symbol and power addition of the voltage addition value, 
and improving precision of pass timing detection o 
[0009] However, if a pilot signal insertion rate is increased 
in pilot signal interpolation form, although an increased 
number of signals can be used for pass timing detection, thus 
making it possible to ensure more stable pass timing detection, 
an amount of information data transmitted as communication 
information decreases concurrently « As a result, a channel 
capacitance decreases o 

[0010] In addition, instead of increasing the pilot signal 
insertion rate, the precision of pass timing detection can be 
improved by employing a pilot signal over a number of intervals, 
a time required for pass search increases by a time for receiving 
pilot signals in a number of intervals, which brings about a 
delay of the start of communication « 

[0011] In the case of the pilot signal extrapolation form, the 
transmission power of a pilot signal is very weak against that 
of a transmission information data signal o In order to improve 
the precision of pass timing detection, it is required to 
increase the transmission power of the pilot signal o However, 
if the transmission power of the pilot signal is increased, the 
information data signal in transmission is affected by noise, 
thus making it necessary to reduce the transmission power of 
the pilot signal to its possible minimum* 

[0012] It is an object of the present invention to provide a 
CDMA receiver provided with a searcher that stably detects a 
pass timing under a very low signal to noise ratio (S/N) without 
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increasing the number of pilot signals and its transmission 
power, and that detects a pass timing at a high velocity so as 
to be free of an effect of pass change caused by movement of 
the receiver o 
[0013] 

[Means for Solving the Problems] Firstly, a CDMA 

receiver according to the present invention is provided with 
a judgment feedback type searcher for receiving a predetermined 
pilot signal transmitted from a transmission side, and 
detecting a synchronization timing with a spread code series 
in a reception signal based on the pilot signal, said CDMA 
receiver comprising s 

means for receiving and back spreading an information 
data signal transmitted from a transmission side, and then, 
feeding to the searcher judgment data obtained by detecting a 
wave followed by the back spreading; and 

means for inputting to the searcher the received 
information data signal via a delay buffer, characterized by 
comprising! 

a searcher for voltage adding correlation outputs for 
each symbol in a predetermined interval for the information data 
signal, and employing a voltage addition value thereof to detect 
and output a synchronization timing with a spread code series 
in a reception signal- 

[0014] With this construction, an information data signal is 
employed in the same manner as a pilot signal, and a pass timing 
can be detected precisely under a low signal to noise ratio (S/W 
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ratio) without increasing the number of pilot signals and by 
carrying out voltage addition* 

[0015] Secondly / a CDMA receiver is provided with a judgment 
feedback type searcher, characterized in that the CDMA receiver 
receives a pilot signal transmitted to be time divided and 
multiplied into an information data signal, and a predetermined 
interval length of the information data signal is defined as 
a length free of an effect of a phase rotation caused by phasing, 
the searcher detecting and outputting the synchronization 
timing based on a correlation value obtained by power adding 
the voltage addition values of the correlation outputs of the 
pilot signal and information data signal o 

[0016] Thirdly, a CDMA receiver provided with a judgment 
feedback type searcher, characterized in that the CDMA receiver 
receives a pilot signal transmitted simultaneously in parallel 
to a channel other than that to which an information data signal 
is transmitted, and a predetermined interval length of the 
information data signal is defied as a length free of an effect 
of a phase rotation caused by phasing, the searcher detecting 
and outputting the synchronization timing based on a 
correlation value obtained by power adding a voltage addition 
value of the correlation outputs of the pilot signal and 
information data signal of the same timing, the correlation 
value being power added over a plurality of time intervals « 
[0017] Fourthly, a CDMA receiver is provided with a judgment 
feedback type searcher, said receiver comprising s 

error correction means for carrying out error 
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correction based on an error correction code relevant to the 
judgment data; 

CRC check means for CRC checking the error corrected 
data? and 

error rate estimation means for estimating an error rate 
for each error correction coded unit frame of the judgment data, 
characterized in that the error rate estimation value of each 
error correction coded unit frame of the judgment data or the 
CRC check/ judgment result if the error corrected data is fed 
back to the searcher, and the searcher is provided with means 
for outputting the synchronization timing according to the 
reliability of the judgment data based on the error rate 
estimation value and the CRC check/ judgment result o 
[0018] Fifthly a CDMA receiver is provided with a judgment 
feedback type searcher, characterized in that, in the case where 
the CRC check judgment result includes an error or in the case 
where the error rate estimation value is equal to or greater 
than a predetermined value, the searcher is provided with means 
for inhibiting an output of the synchronization timing detected 
by the error correction coded unit frame, and when a 
synchronization timing is not outputted from the searcher, the 
CDMA receiver carries out a back spreading process based on the 
previously outputted synchronization timing • 
[0019] Sixthly, a CDMA receiver is provided with a judgment 
feedback type searcher, characterized in that the searcher is 
provided with means for carrying out weighting for a correlation 
value of each of the error correction coded unit frames according 
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to the error rate estimation value of each of the error 
correction coded unit frames o 

[0020] Seventhly a CDMA receiver is provided with a judgment 
feedback type searcher, characterized in that the searcher 
computes a weight coefficient based on an error count indicated 
by the error rate estimation value of each of the error 
correction coded unit frames, and multiplies the weight 
coefficient for the correlation value of each of the error 
correction coded unit frames o 

[0021] Eighthly, a CDiyLA receiver is provided with a judgment 
feedback type searcher, characterized in that, when all errors 
of each error correction coded unit frame in number are equal 
to or greater than a predetermined value, the searcher is 
provided with means for referring to an estimation movement 
velocity of a moving mechanism, and then, outputting the 
synchronization timing according to the estimation movement 
velocity o Ninthly, a CDMA receiver is provided with a judgment 
feedback type searcher, characterized in that, in the case where 
the estimation movement velocity is equal to or greater than 
a predetermined velocity, there is provided means for 
inhibiting an output of the synchronization timing- 
[0022] Since judgment information data for use in the searcher 
is data obtained before error correction, some items of 
information data that have been judged exist (although data 
obtained after error correction includes fewer errors, since 
a large amount of delay time is present, judgment data obtained 
before error correction is employed according to the present 
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invention o ) o 

[0023] Therefore, an error rate is estimated after error 
correction, and a quality check is made for judgment information 
data used for pass estimation o Then, it is determined whether 
or not the estimated pass timing result by the judgment 
information data is accepted according to the quality check 
result, thereby making it possible to precisely detect a pass 
timing o 
[0024] 

[Preferred Embodiment of the Invention] 

Figo 1 is an illustrative view shown a basic 
construction of the present invention » A CDMA receiver 
according to the present invention, as shown in Fig* 1 (a), is 
provided withs a back spreading section 11 that back spreads 
a reception signal ; a wave detection section 12 that wave detects 
the back spread signal | a delay buffer 13 that temporarily stores 
and delays the received input signal; a selection section 14 
that selects either one of the information data signals stored 
in the delay buffer 13 and pilot signals that is currently in 
reception, and outputs it; a searcher 15 that detects and outputs 
a pass timing from an output signal of the selection section 
14; and a back spread code generation section 16 that generates 
a back spread code based on an output signal of the searcher 
15» 

[ 0025 ] In the CDMA receiver according to the present invention, 
the information data signals stored in the delay buffer 13 are 
inputted to the searcher 15 via the selection section 14 o In 
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addition, judgment data that is an output of the wave detection 
section 12 is fed back to the searcher 15, and the searcher 15 
uses an information data signal in the same way as that in a 
pilot signal so as to detect a pass timing based on these input 
signals o 

[0026 ] In pass timing detection in the searcher 15, when a pilot 
signal is used, the selection section 14 directly outputs to 
the searcher 15 a pilot signal included in both or either of 
the I channel and Q channel of the reception signal o The pilot 
signal is obtained as a predetermined pattern signal, and thus, 
the searcher 15 measures a correlation between the received 
pilot signal and a known pattern signal o 

[0027] In addition, when reception information data is used, 
the selection section 14 selects the temporarily stored 
reception information data in the delay buffer 13, and outputs 
the data to the searcher 15 o The searcher 15 measures a 
correlation between the reception information data and judgment 
data for the reception information data outputted from the wave 
detection section 12 o 

[0028] Figo 1 (b) shows an example of reception signals in I 
channel and Q channel in the case of the pilot signal 
interpolation form* Fig* 1 (c) shows an example of reception 
signals in I channel and Q channel in the case of the pilot signal 
extrapolation form- 

[0029] Figo 2 is an illustrative view of a delay buffer of an 
input signal in the present invention described previously » 
Fig- 2 (a) shows a construction when essential parts of the 
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construction shown in Fig* 1 are sampled o Fig* 2 (b) is a time 
chart showing signal frames at points A, B, and C each shown 
in Figo 2 (a), where reference numerals assigned in the signal 
frames each denote slot numbers^ and one slot consists of 
10-symbol data, for example* 

[0030] In the searcher 15, when information data is employed 
for pass timing detection, the received information data is 
obtained as unknown data* Thus, the information data is back 
spread and wave detected by means of a back spreading section 
11 and a wave detection section 12, thereby making it necessary 
to judge information data* 

[0031] However, as shown in Fig* 2 (b), the judgment data is 
delivered from point C of an output of the wave detection section 
12, since a delay occurs by a time required for judgment 
processing (for example, 20 symbols) « Thus, an information 
data input signal at point A is acquired by a delay buffer 13, 
and is delayed by such delay time (for example, the 20 symbols) o 
Then, a signal at point B that is an output thereof is inputted 
to the searcher 15, thereby making it possible to adjust a 
timing « 

[0032] Therefore, the information data signal is inputted to 
the searcher 15 at a timing at which judgment data is fed back 
to the searcher 15 o The above described delay is obtained as 
a time primarily required for phase estimation- In a large 
amount of time is required for phase estimation, a delay time 
increases concurrently • 

[0033] Fig« 3 is an illustrative view of correlation 
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measurement employing the correlation output of each 
predetermined interval for an information data signal according 
to the present invention o Figo 3 (a) shows a case of pilot signal 
interpolation form, and Figo 3 (b-l) and Fig* 3 (b-2) each show 
a case of pilot signal extrapolation formo As shown in the 
figures, an output of a correlation with judgment data for each 
predetermined interval is voltage added to an information data 
signal, and then, the voltage addition value of each interval 
is voltage added to detect a pass timing » 

[0034] In the case where only one searcher is provided as in 
the embodiment shown in Fig- 1, with respect to a reception 
signal of pilot signal interpolation, as shown in Fig., 3 (a), 
voltage addition of the correlation value of each symbol for 
each predetermined interval is carried out for a pilot signal 
and an information data signal, and a correlation value with 
its small dispersion is obtained by performing the voltage 
addition value power addition o 

[0035] In the case where only one searcher is provided, 
correlation values between the pilot signal and information 
data signal cannot be detected at the same time for the reception 
signal of pilot signal extrapolation form. Thus, as shown in 
Figo 3 (b-l), pass detection is carried out for only the 
information data signal. However, when the information data 
signal is not outputted such as during the start of communication, 
pass detection is carried out by employing the pilot signal o 
[0036] On the other hand, in the case a searcher can detect 
a two-way signal, with the reception signal of pilot signal 
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extrapolation, as shown in Figo 3 (b-2), the pilot signal and 
information data signal at the same time are subjected to voltage 
addition in units of blocks (in units of slots), respectively. 
Thereafter, voltage addition values of the pilot signal and 
information data in units of blocks between the same time 
intervals are voltage added, and further, power addition is 
carried out between the power addition values in some blocks » 
In this case as well, although voltage addition is carried out 
in units of data blocks in a predetermined time interval, the 
data block units are defined as an optimal interval length free 
of an effect of phase rotation caused by phasing o 
[0037] Figo 4 shows one embodiment of the present invention 
having a searcher that detects a two-way signal. In the figure, 
a searcher 45 is provided withs a pilot signal correlation 
detector 451; an information data signal correlation detector 
452; and an adder 453 for power adding the correlation voltage 
addition value from these phase detectors. The other 
constituent elements are identical to those in the construction 
shown in Fig. 1 . Like elements are designated by like reference 
numerals. A duplicated description is omitted here. 
[003 8] In detection of correlation due to such addition, 
voltage addition can be carried out in units of blocks that 
correspond to the frame and slot lengths of W-CDMA that is 
currently underway of standardization. Namely, a pilot signal 
is essentially obtained as a signal transmitted for carrying 
out phase estimation of a channel. In general, a signal length 
and a cycle which are estimated to be free of an effect of phase 
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rotation caused by phasing that occurs in movement environment 
are seto Thus, voltage addition is carried out for each block 
of the pilot signal, making it possible to detect a correlation 
precisely o 

[0039] Figo 5 is an illustrative view showing a configuration 
of the present invention for feeding back an error rate and the 
CRC check result o The construction shown in Figo 5 is provided 
with a basic construction shown in Fig- 1 and a construction 
for feeding back to the searcher 15 an error rate (BER) value 
of each frame in error correction coded units and the acceptance 
judgment result of the frame caused by the CRC check. 
[0040] That is, there are newly provided? an error correction 
section 51 for carrying out error correction of judgment data 
outputted from the wave detection section 12 ; a CRC check section 
52 for making a CRC check of the error corrected data; a 
re-encoding section 53 for re-encoding the error corrected 
data; and an error rate (BER) estimation section 54 for comparing 
the re-encoded data with the judgment data, thereby estimating 
an error rate- 

[0041] Then, a CRC check section 52 makes a CRC check in units 
of error correction frames, and checks whether or not an error 
occurs with each frame o In addition, the judgment data obtained 
after error correction is re-encoded by the re-encoded data 53 , 
in the error date (BER) estimation section 54, the judgment data 
obtained after error correction is compared with the re-encoded 
data obtained before and after error correction, thereby 
estimating an error rate of the judgment datao At this time. 
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in the case where it is judged by the acceptance judgment of 
the CRC check that no error occurs with the frame ^ complete error 
rate estimation is possible o 

[0042] In the embodiment shown in Figo 5, the number of errors 
for each frame outputted from the error rate (BER) estimation 
section 54 and the acceptance judgment result outputted from 
the CRC check section 42 are fed back to the searcher 15, and 
the precision of pass timing detection in the searcher 15 is 
improved o Hereinafter, specific means will be described. 
[0043] Fig.. 6 is an illustrative view showing pass timing 
detection in units of error encoded units of pilot signal 
interpolation form according to the present invention* As 
shown in the figure, voltage addition of the correlation values 
is carried out in units of blocks in a predetermined length of 
the pilot signal and information data signal, and the voltage 
addition value is power added in error correction encoded units o 
In addition, a correlation value obtained by further power 
adding a power addition value of some correction encoded units 
is inputted to a pass detection circuit 61 of the searcher 15 « 
[0044] An output of the pass detection circuit 61 is inputted 
to a pass timing delivery gate 62, and the acceptance judgment 
result of the previously described CRC check section 52 and an 
error rate estimation value of the error rate (BER) estimation 
section 54 are inputted to the pass timing delivery gate 62 o 
The pass timing delivery gate 62 determines as follows whether 
or not the pass timing detection result is outputted to the back 
spread code generation section 16 based on these acceptance 
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judgment result and error rate estimation value » 
[0045] In the case where an error occurs as the result of the 
CRC check, it means that there are many errors such that error 
correction cannot be carried out for judgment data fed back to 
the searcher 15 <, Thus, the reliability of pass detection using 
the information data is regarded as lowo Then, the pass timing 
delivery gate 62 is interrupted, and the pass timing detection 
result is not reflected at the back spread code generation 
section 16 o The back spread code generation section 16 
continuously generates a back spread code at the previous pass 
timing o 

[0046] In the case where it is judged that no error occurs as 
the result of the CRC check, when an error rate estimated from 
re-encoding data and judgment data is equal to or greater than 
a predetermined value, the reliability of pass detection is 
regarded as lowo Then, the pass timing delivery gate 62 is 
interrupted, and the pass timing detection result is not 
reflected at the back spread code generation section 16 o 
[004 7] Figo 7 is an illustrative view showing pass timing 
detection due to weighting according to an error rate in the 
case of pilot signal interpolation according to the present 
invention o As shown in Fig* 7, voltage addition of the 
correlation values is carried out in units of blocks in 
predetermined lengths of the pilot signal and information data 
signal, and the voltage addition value is power added in error 
correction encoded units • Then, the correlation values of the 
power addition values in the error correction encoded units are 
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stored in correlation value memories Tl^, 7l2^ and 7I3, and 
weightings (Wl, W2 , and W3 ) are carried out according to the 
error rate (BER) estimation value of each error correction 
encoded unit, and the correlation values obtained by power 
adding the correlation value of each error correction encoded 
unit for which the weightings are carried out are inputted to 
a pass detection circuit 73 o 

[ 0048 ] A weight control section 7 2 outputs weight coefficients 
(Wl, W2, and W3 ) according to the error rate (BER) estimation 
value of each error correction encoded unit, and the error rate 
(BER) estimation value of each error correction encoded unit 
is computed by means of an error rate (BER) estimation section 
54 shown in Fig* 5 described previously o A time lag occurs 
between the error correction encoded units in computing the 
error rate of each error correction encoded unit, thus making 
it necessary to provide the correlation value memories 71^, 7I2/ 
and 7I3, each of which stores the correlation value of each error 
correction encoded unito 

[004 9] Figo 8 is an illustrative view showing pass timing 
detection in error correction encoded units of pilot signal 
extrapolation form according to the present invention. In the 
present embodiment, voltage addition of the correlation values 
are carried out, respectively, in units of blocks in 
predetermined lengths of the pilot signal and information data 
signal, and a voltage addition value of the correlation values 
of the pilot signal and information data signal is power added 
between blocks at the same timing o in addition, these power 
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addition values are power added in error correction encoded 
units o Further^ the correlation values obtained by further 
power adding the power addition values of some correction 
encoded units are inputted to a pass detection circuit 81 of 
the searcher 15 o 

[0050] in this case as well^ as in the embodiment shown in Fig. 
6, an output of the pass detection circuit 81 is inputted to 
the pass timing delivery gate 72 o In addition, the acceptance 
judgment result of the CRC check section 42 and the error rate 
estimation value of the error rate (BER) estimation section 54 
is inputted to the pass timing delivery gate 82 » 
[0051] The pass timing delivery gate 82 determines whether or 
not the pass timing detection result is outputted to the back 
spread code generation section 16 based on these acceptance 
judgment result or error rate estimation value o The 
determination technique is similar to that in the case of pilot 
interpolation form shown in Fig* 6o A duplicated description 
is omitted here* Reflection of the pass timing detection result 
at the back spread code generation section 16 is controlled 
similarly according to the CRC check result or error rate value o 
[0052] Figo 9 is an illustrative view showing pass timing 
detection by error rate weighting in the case of pilot signal 
extrapolation form according to the present invention « As 
shown in the figure, voltage addition of the correlation values 
are carried out, respectively, in units of blocks in 
predetermined lengths of the pilot signal and information data 
signal, and the voltage addition values of the correlation 
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values of e pilot signal and information data signal between 
same timing blocks are carried outo In addition^ these power 
addition values are power added in error correction encoded 
units, and the power added correlation values are stored in 
correlation memories 91^, 9I2/ and 9I30 In addition, weightings 
(Wl, W2, and W3 ) are carried out for the correlation value in 
such each error correction encoded unit according to the error 
rate (BER) estimation value of each error correction encoded 
unit, and the correlation values obtained by power adding the 
correlation values of each error correction encoded unit for 
which the weightings are carried out are inputted to a pass 
detection circuit 93 o 

[0053] As in the embodiment shown in Figo 6, a weight control 
section 92 outputs weight coefficients (Wl, W2 , and W3 ) 
according to the error rate (BER) estimation value of each error 
correction encoded unit, and the error rate (BER) estimation 
value for each error correction encoded unit is computed by means 
of the error rate (BER) estimation section 54 shown in Figo 5 
described previously 0 The reason which the correlation value 
memories 91i, 9X2/ and 9I3, each of which stores the correlation 
value of each error correction encoded unit is identical to that 
in the case of the embodiment shown in Fig* 7o 
[0054] Figo 10 shows an example of weight coefficient 
computation according to the error rate estimation value of each 
error correction encoded unit in the present invention* Fig* 
10(a) shows an example of weight coefficient computation method 
when the movement velocity of the CMA receiver is not taken 
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consideration into^ and Fig* 10 (b) shows an example of the 
weight coefficient computation method when the movement 
velocity is taken consideration intOo 

[0055] Now, assuming that the error counts in each of the first, 
second, and third error correction encoded unit frames are 
defined as Wl, W2, and N3 , respectively, and Z = Wl + W2 + W3, 
the respective weight coefficients Wl, W2, and W3 relevant to 
the correlation values of the first, second, and third error 
correction encoded unit frames are computed as follows o 
Wl = (Z/N1)/(Z/N1 + Z/W2 + Z/N3) 
W2 = (Z/N2)/(Z/N1 + Z/N2 + Z/N3) 
W3 = (Z/N3)/(Z/W1 + Z/N2 + Z/W3) 
where Wl + W2 + Z3 = 1« 

[005 6] The weight coefficients Wl , W2 , and W3 each are obtained 
as values that are inversely proportional to the error counts 
in local blocks, respectively o That is, the larger number of 
errors is, the smaller value of the coefficient iSo The smaller 
number of errors is, the larger value of the coefficient iSo 
In this way, the weight coefficient according to an inverse 
number of the error counts is multiplied for the correlation 
value of each block, whereby the precision of the correlation 
value can be improved o In the present embodiment, although 
there is shown an example when the correlation value is computed 
by using three error correction encoded unit frames, of course, 
the number of frames is not limited thereto* 
[0057] Further, as shown in Fig- 10 (b), reference to made to 
the estimated movement velocity • For example, when all the 
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error counts Nl , N2 , and W3 of each frames are equal to or greater 
than a predetermined value ^ reference is made to the 
corresponding estimated movement velocity V. In the case where 
the estimated movement velocity V is equal to or less than a 
velocity Vfast or less, operation is carried out at the 
immediately preceding timing instead of resetting of a pass 
timing o In the case where the estimated movement velocity V 
is equal to or greater than a predetermined velocity Vfast, 
resetting is provided o 

[0058] This is because, in the case where the estimated 
movement velocity V is equal to or less than a predetermined 
velocity Vfast, it is considered that a pass state does not 
change so drastically, and when the error counts are very large, 
the precision is improved more remarkably by carrying out back 
spreading at the immediately preceding pass timing o 
[0059] The estimated movement velocity V can be estimated by 
measuring a phasing change frequency (the counts of which a 
phasing change level cross a predetermined level value per a 
unit time), for example « 

[0060] When any of the error counts Wl , N2, and N3 of frames 
each are equal to or less than a predetermined value, weight 
coefficients are computed by the computation method shown in 
Fig« 9 (a) described previously o Then, a pass timing is 
detected based on the correlation value obtained by power adding 
the correlation values obtained by multiplying the weight 
coefficients, whereby the pass timing can be detected 
precisely o 
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[0061] As has been described above, according to the present 
invention, pass timing detection is carried out by using an 
information data signal in the same way as in a pilot signal, 
whereby the precision of the pass timing detection under a signal 
to noise ratio (S/N) can be improved without increasing the 
insert rate of the pilot signal and increasing the transmission 
power of the pilot signal o 

[0062] In addition, error correction and CRC check are carried 
out with respect to judgment data of the received information 
data signal o Then, the reliability of feedback judgment data 
is evaluated by employing the check result and the error rate 
estimation value of the judgment datac In the case where the 
reliability of the feedback judgment data is low, the pass timing 
detection result detected by using the information data signal 
is erased, making it possible to set a pass timing with higher 
reliability o 

[0063] Further, a pass timing is detected by employing a 
plurality of correction values weighted according to the 
weighting an error rate estimation value of judgment data, 
whereby the precision of a pass timing can be seto 
[Brief Description of the Drawings] 
[Figo 1] 

Figo 1 is an illustrative view of a basic construction 
according to the present invention* 
[Figo 2] 

Figo 2 is an illustrative view of a delay buffer for 
an input signal according to the present invention « 



[Fig. 3] 

Figo 3 is an illustrative view of correlation 
measurement using a correlation output of each predetermined 
interval of an information data signal according to the present 
invention o 
[Fig. 4] 

Figo 4 is an illustrative view of one embodiment of the 
present invention having a searcher that detects a two-way 
signal o 
[Fig. 5] 

Fig. 5 is an illustrative view of a construction 
according to the present invention for feeding back an error 
rate and CRC check result. 
[Fig. 6] 

Fig. 6 is an illustrative view showing pass timing 
detection in error correction encoded units of pilot signal 
interpolation form according to the present invention. 
[Fig. 7] 

Fig. 7 is an illustrative view showing pass timing 
detection caused by weighting according to an error rate in the 
case of pilot signal interpolation form according to the present 
invention . 
[Fig. 8] 

Fig. 8 is an illustrative view showing pass timing 
detection in error correction encoded units of pilot signal 
extrapolation form according to the present invention. 
[Fig. 9] 
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Figo 9 is an illustrative view showing pass timing 
detection caused by error rate weighting in the case of pilot 
signal extrapolation form according to the present invention* 
[Figo 10] 

Figo 10 is a view showing an example of weight 
coefficient computation according to the error rate estimation 
value of each error correction encoded unit in the present 
invention o 
[Figo 11] 

Figo 11 is an illustrative view showing conventional 
pass timing detection using a pilot signal o 
[Reference Numerals] 

11 Back spreading section 

12 Wave detection section 

13 Delay buffer 

14 Selection section 

15 Searcher 

16 Bacic spread code generation section 
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[FIGo 1] 

ILLUSTRATIVE VIEW OF BASIC CONSTRUCTION ACCORDING TO THE 
PRESENT INVENTION 

(a) BASIC CONSTRUCTION 

11 BACK SPREADING SECTION 

12 WAVE DETECTION SECTION 
JUDGMENT DATA 

15 SEARCHER 

16 BACK SPREAD CODE GENERATION SECTION 

(b) PILOT SIGNAL INTERPOLATION FORM 
PILOT SIGNAL 

INFORMATION DATA SIGNAL 

PILOT SIGNAL 

INFORMATION DATA SIGNAL 

(C) PILOT SIGNAL EXTRAPOLATION FORM 

PILOT SIGNAL 

INFORMATION DATA SIGNAL 

[FIGo 2] 

ILLUSTRATIVE VIEW OF DELAY BUFFER OF INPUT SIGNAL IN THE PRESENT 

INVENTION 

(a) INPUT SIGNAL 

POINT A 

PROCESSING DELAY FOR 20 SYMBOLS 

11 BACK SPREADING SECTION 

12 WAVE DETECTION SECTION 

13 RAM (20 SYMBOL BUFFER) 
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15 SEARCHER 

16 BACK SPREAD CODE GENERATION SECTION 
(b) 

POINT A 

SPREAD INPUT SIGNAL 

POINT B 

POINT C 

10 SYMBOLS 

BACK SPREAD AND WAVE DETECTED JUDGMENT DATA 
[FIGo 3] 

ILLUSTRATIVE VIEW OF CORRELATION MEASUREMENT EMPLOYING 
CORRELATION OUTPUT FOR EACH PREDETERMINED INTERVAL OF 
INFORMATION DATA SIGNAL ACCORDING TO THE PRESENT INVENTION 
(a) IN THE CASE OF PILOT SIGNAL INTERPOLATION FORM 
VOLTAGE ADDITION 
POWER ADDITION 
PILOT SIGNAL 
DATA SIGNAL 

(b-1) IN THE CASE OF PILOT SIGNAL EXTRAPOLATION FORM (ONE 

SEARCHER) 

VOLTAGE ADDITION 

PILOT SIGNAL 

DATA SIGNAL 

POWER ADDITION 

(b-2 ) IN THE CASE OF PILOT SIGNAL EXTRAPOLATION (TWO SEARCHERS ) 
VOLTAGE ADDITION 
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POWER ADDITION 
VOLTAGE ADDITION 

POWER ADDITIONS REDUCING DEVIATION 
[FIGo 4] 

ILLUSTRATIVE VIEW OF ONE EMBODIiyiENT OF THE PRESENT INVENTION 
HAVING SEARCHER THAT DETECTS TWO-WAY SIGNAL 

11 BACK SPREADING 

12 WAVE DETECTION 

451 PILOT SIGNAL CORRELATION VALUE DETECTOR 

452 DATA SIGNAL CORRELATION VALUE DETECTOR 

453 ADDER 

16 BACK SPREAD CODE GENERATION 
JUDGiyiENT DATA 
JUDGiVlENT DATA 
SEARCHER 

[FIGo 5] 

ILLUSTRATIVE VIEW OF CONSTRUCTION OF THE PRESENT INVENTION FOR 
FEEDING BACK ERROR RATE AND CRC CHECK RESULT 

11 BACK SPREADING SECTION 

12 WAVE DETECTION SECTION 

51 ERROR CORRECTION SECTION 

52 CRC CHECK SECTION 

53 RE-ENCODING SECTION 

15 SEARCHER 

16 BACK SPREAD CODE GENERATION SECTION 
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JUDG14ENT DATA 
54 BER ESTIMATION SECTION 
ACCEPTANCE JUDGMENT RESULT 
ERROR COUNT FOR EACH FRAME 

[FIGo 6] 

ILLUSTRATIVE VIEW OF PASS TIMING DETECTION IN ERROR CORRECTION 
ENCODED UNITS OF PILOT SIGNAL INTERPOLATION FORM ACCORDING TO 
THE PRESENT INVENTION 
VOLTAGE ADDITION 

ERROR CORRECTION ENCODED UNITS 
CORRELATION VALUE 

61 PASS DETECTION CIRCUIT 

62 PASS TIMING DELIVERY GATE 

PASS TIMING (TO BACK SPREAD CODE GENERATION SECTION) 
ACCEPTANCE JUDGMENT RESULT (CRC CHECK) OR BER ESTIMATION VALUE 

[FIGo 7] 

ILLUSTRATIVE VIEW OF PASS TIMING DETECTION CAUSED BY WEIGHTING 
ACCORDING TO ERROR RATE IN THE CASE OF PILOT SIGNAL INTERPOLATION 
IN THE PRESENT INVENTION 
ERROR CORRECTION ENCODED UNIT 
VOLTAGE ADDITION 

711 CORRELATION VALUE MEMORY 

712 CORRELATION VALUE MEMORY 

713 CORRELATION VALUE MEMORY 
BER ESTIMATION VALUE *1 
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BER ESTIiVlATION VALUE *2 
BER ESTIiVLATION VALUE *3 

72 WEIGHT CONTROL SECTION 
CORRELATION VALUE 

73 PASS DETECTION CIRCUIT 

PASS TIMING (TO BACK SPREAD CODE GENERATION SECTION) 
[FIGo 8] 

ILLUSTRATIVE VIEW OF PASS TIMING DETECTION IN ERROR CORRECTION 
ENCODED UNITS OF PILOT SIGNAL EXTRAPOLATION FORM ACCORDING TO 
THE PRESENT INVENTION 
VOLTAGE ADDITION 
POWER ADDITION 
VOLTAGE ADDITION 

ERROR CORRECTION ENCODED UNITS 
CORRELATION VALUE 

81 PASS DETECTION CIRCUIT 

82 PASS TIMING DELIVERY GATE 

PASS TIMING (TO BACK SPREAD CODE GENERATION SECTION) 
ACCEPTANCE JUDGMENT RESULT (CRC CHECK) OR BER ESTIMATION VALUE 

[FIGo 9] 

ILLUSTRATIVE VIEW OF PASS TIMING DETECTION CAUSED BY WEIGHTING 
ACCORDING TO ERROR RATE IN THE CASE OF PILOT SIGNAL EXTRAPOLATION 
IN THE PRESENT INVENTION 
ERROR CORRECTION ENCODED UNIT 
VOLTAGE ADDITION 
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POWER ADDITION 
VOLTAGE ADDITION 

911 CORRELATION VALUE iVlEMORY 

912 CORRELATION VALUE iyiEMORY 

913 CORRELATION VALUE MEMORY 
BER ESTIMATION VALUE *1 

BER ESTIMATION VALUE *2 
BER ESTIMATION VALUE *3 

92 WEIGHT CONTROL SECTION 
CORRELATION VALUE 

93 PASS DETECTION CIRCUIT 

PASS TIMING (TO BACK SPREAD CODE GENERATION SECTION) 
[FIGo 10] 

EXAMPLE OF WEIGHT COEFFICIENT COMPUTATION ACCORDING TO ERROR 
RATE ESTIMATION VALUE FOR EACH ERROR CORRECTION ENCODED UNIT 
IN THE PRESENT INVENTION 

(a) EXAMPLE OF WEIGHT COEFFICIENT METHOD 

NX (ERROR COUNT IN BLOCK 1) 

WEIGHT COEFFICIENT (Wl) 

Wl (WEIGHT COEFFICIENT OF BLOCK 1) 

N2 (ERROR COUNT IN BLOCK 2) 

WEIGHT COEFFICIENT (W2) 

W2 (WEIGHT COEFFICIENT OF BLOCK 2) 

N3 (ERROR COUNT IN BLOCK 3) 

WEIGHT COEFFICIENT (W3) 

W3 (WEIGHT COEFFICIENT OF BLOCK 3) 
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(b) EXAMPLE OF SETTING WEIGHT COEFFICIENT BY JUDGING MOVEMENT 
VELOCITY 

Nl (ERROR COUNT IN BLOCK 1) ] 
N2 (ERROR COUNT IN BLOCK 2) 
N3 (ERROR COUNT IN BLOCK 3) 

IF (WHEN Nl, N2, AND N3 ARE ALL N OR MORE) 

IF (V < VFAST) NO RESETTING 

ELSE 

SETTING 

ELSE 

SETTING 

SETTING METHOD 
WEIGHT COEFFICIENT (Wl) 
WEIGHT COEFFICIENT (W2) 
WEIGHT COEFFICIENT (W3) 
ESTIMATED MOVEMENT VELOCITY (V) 
Wl (WEIGHT COEFFICIENT OF BLOCK 1) 
W2 (WEIGHT COEFFICIENT OF BLOCK 2) 
W3 (WEIGHT COEFFICIENT OF BLOCK 3) 



[FIGo 11] 

ILLUSTRATIVE VIEW OF CONVENTIONAL PASS TIMING DETECTION CAUSED 
BY PILOT SIGNAL 

(a) PILOT SIGNAL INTERPOLATION FORCE 
VOLTAGE ADDITIONS IMPROVED S/N 
PILOT SIGNAL 
DATA SIGNAL 



35 



POWER ADDITION: REDUCING DISPERSION 
(b) PILOT SIGNAL EXTRAPOLATION FORM 
VOLTAGE ADDITION 

POWER ADDITION: REDUCING DISPERSION 
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(om^m^m^^im{tLa:)y<y^^ ^ ^ :y^^ti\(Dmmmx 

d^m^<Dm'^^<Dzfx2 ^y^miLX^<Dnmm(Dm.mm 
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(0 0 4 6) CRC9"ais/:J'(rj; 

- h 6 2 ^Jt»f L. jtt£»3- K^i^gP 1 6-^tt-?r0?^~? 20 
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